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ULATION OF CYCLICAL ESTROUS
IN SHEEpl

THE ROLE OF LIGHT IN THE RE
ACTIVITY

C ole, and W. F. Ganong
M. T. Cle~g, H. H. b.,..:rldry, University of California,
Department of Ammal HU~ 9 :i.ology, University of California,
Davis, and Department of p
~ Francisco, California
School of Medicine, a..
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In many breeds of sheep, in the northerl
hemisphere, breeding activity begins abou
August or September (a time of decreasinl
hours of light) and lasts until late Februar'
or early March when daylight is increasing
In sheep transported from one hemispher;
to another, breeding season tends to be reo
versed (Marshall, 22).
Direct experimentation has confirmed tha
diurnal light-dark rhythm plays an importan
role affecting reproductive photoperiodicity
Sykes and Cole (Q) were the first to demon,
strate that if light was gradually decreased
beginning in March and extending througl
May, ewes could be bred in May and June, c
time of normal anestrus. Others utilizinj
artificial illumination to reverse the seasona
changes in length of daylight have confirmec
these findings (Yeates, 29; Hafez, 16). Mucl
evidence, however, does not support a shorten·
ing day length as the appropriate stimulUI
for the initation of a reproductive rhythm
For example, some breeds of sheep, sud
as the Corriedale and Dorset Horn, ma)
exhibit estrus during the spring and summel
months and others, such as the Merino, ma)
breed at almost any season of the year
but, even in the latter, periods of reproducti VE
activity alternate with periods of quiescence.
Further, the light to dark ratio does n01
appear to be a critical factor in the inductioI
of estrus. Hart (18) maintained sheep on c
constant light rhythm: either 4 Land 2 D,
then 4 Land 14 D; or 4 Land 8 D,.then 4 I
and 8 D. Either treatment was successful
in producing a regular series of estrous
cycles; Tsimborovich (27) obtained similal
results with 11 D, 3 L, 30,7 Land 11 D, 3 L,
2.5 D, 7.5 L; Hafez (!..2J found that a fixec
ratio of light to dark (8 L, 16 D) was sufficient
to bring about cyclical reproductive patterns
and Terry and Meites (24) showed that sheeF
kept for seven weeks insummer on 24 hours
of light, no light, or on daylight all continued
to cycle.
Since most of these experiments were designed to test different types of stimuli,
either length of the dark period or light
to dark ratios, on the induction of estrus, the
question remains as to whether patterns 01
cyclical reproductive activity occur independent of season when a constant light regime
is imposed. An answer would provide presumptive evidence for the presence of an

,
'l
The widespread existence of blOlog 1ca
clocks among animals is documented by a
considerable body of eviden,ce. Recent~y F,ar~~~
(11) has reviewed this subJect covermg 1m ,
mati on on a large variety of animals. In tl~1S
paper an attempt will be made to restrIct
most of the discussion to sheep. Experimental
data from other species, however, W1'11 be
cited when it can be usefully related to ,an
understanding of the mechanisms control~lng
seasonal breeding activity in this spec1es.
As far as present knowledge is concern~d,
the factors regulating or at least monitorIng
annual physiologic cycles appear to d,ep~~:
greatly upon the influence of changes 1n
environment and experimental evidence s,upports the idea that the amount of dail! hgh~
to which the anim.als are exposed 1S :z:e
sponsible for the initiation of the breed1n~
season (Sykes and Cole, 23; Hafez, 16; Hart, ~,
Yeates, 29).
t
This Concept, however, does not accoun
for the considerable variations in seasona~
breeding activity of different bree~s of she~p,
nor does it explain the difficulty iIi prodUclI~g
, d1C
prolonged anestrus with any photoper1 o
treatment.
'
It is the purpos.e of this paper to reVIew
briefly the evidence for photoperiodic control
of estrus in sheep together with a report of
our own studies on the influence of control~ed
lighting, optic nerve se~tion, and ?estruct~~
of the posterior optic chIasm on thlS pheno
enon. Finally we should like to reserve the
right to speculate by presenting alternate
explanations involving light receptors other
than the retina and to demote the influence
of light to that of a modifier of an inherent
biological rhythm.
Considerable data concerning the influence
of environmental factors on the ewe have
been forthcoming since the classical paper
of Marshall (22). It was his thesis that the
development oT photoperiodism could be explained by natural selection. Thus only those
animals in a harsh environment who developed
the ability to time the birth of their YO,un g
during that part of the year when surv1val
was possible would persist. He suggested
that incidence of daylight was an important
factor in controlling the cycle and that the
sheep reacted to a diminution rather than an
increase in length of daylight. These i,deas
were supported by a number of observahons.
J.These studies supported in part by US PHS Grant B3977.
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increased whereas, during these same months,
in the control group, heat is largely absent.
Cycles become progressively less regular
under the constant light regime. Rarely do
the number of observed heats exceed 50
percent. In contrast, the number of control
animals showing estrus during the late fa11
and winter months ranged from 60 percent
to almost 100 percent after the first year
of the experiment. Nevertheless, a cyclical
pattern of increasing and decreasing reproductive activity is still apparent in spite of
the prolonged period of treatment with a
constant light-dark duration. The premise
that the progressive diminution in number
of daylight hours acts as the stimulus for
the induction of estrus is not supported by
the results of this study. Rather the implication seems clear that changes in diurnal
light-dark ratios appear to be capable of
modifying or monitoring an inherent biological
rhythm.

inherent biological rhythm capable of being
modified by diurnal changes in light- dark
rhythm but not exclusively dependent upon
them. An answer to this question is provided
by an experiment carried out several years
ago by Dr. H. H. Cole, Dr. William C. Weir,
and the author at California.
Effect of a constant light 'regime
Two experimental groups consisting of four
Suffolk and five Hampshire ewes each were
constituted. The ewes ranged in age from two
to six years. The treated group was placed
in rooms constructed to eliminate all light
from the outside. These rooms were -equipped
with electric clocks which automatically turned
two 150 W lights on at 9:00 a.m. and off at
3:00 p.m. each 24-hour period, thus exposing
the ewes to six hours of artificial light daily.
Light intensity ranged from 2 to 5 f.c. depending upon the distance from the light source.
The sheep were placed under this treatment
regime in August and were kept continuously
under these conditions for a period of three
years ending in May.
The control ewes were kept in outside pens
adjacent to the "blacked-out" rooms and subjected to normal environmental light changes.
All animals were checked daily for receptivity to the male by placing them with
vasectomized rams. Period of checking was
always during the time of light exposure.
Both groups received the same ration which
consisted of alfalfa hay and occasional supplementation with barley.
Figure 1 summarizes and compares the
normal seasonal periods of reproductive activity and quiescence observed over a two or
three year duration for three breeds of sheep,
Suffolk, Hampshire, and Suffolk-Hampshire
crosses under central California conditions.
The percentage of estrus in this figure, as
well as figures 2, 3, and 4, is based upon
the assumption that each ewe should show
approximately two cycles per month. Therefore, 100 percent would be equal to twice the
total number of animals. By using this method,
additional information concerning the irregularities of estrous cycles can be shown.
To be noted is the uniformity of responses
from year to year. Thus the period of anestrus
predominates from April to July and peak
activity generally occurs from October through
January.
No differences in reproductive activity between the Hampshire and Suffolk ewes were
observed.
Figure 2 depicts the effect of a constant
light regime on seasonal estrous patterns.
After the first year of treatment there is a
tendency for the periods of activity to become
prolonged and the length of ~he period of
anestrus to be greatly shortened. The number
of occurrences of heat during April, May,
June, and July in the treateCl group was

Light receptors and neural pathways .
How this effect of light influences the
endocrine system and ultimately gonadal activity has yet to be explained. As early as 1936
Marshall
stated
" •••• the
reproductive
rhythm, ••• , is, in higher forms of life,
regulated further by exteroceptive stimuli
conveyed by nervous paths to the hypothalamus and thence transmitted to the anterior
pituitary." This concept stillprevails,although
there is little direct proof of the neural
pathways involved and, with few exceptions,
only circumstantial evidence supports an endocrine effect.
The obvious receptor for light stimuli associated with reproductive photoperiodism is
the eye. Bissonnette (1.) found that the female
ferret blinded by a section of the optic nerves
either remains anestrus or comes into estrus
at irregular intervals totally unrelated to the
normal pattern. Some 9ifficulties in the interpretation of experiments such as this occur
because estrus will develop independently of
photoperiodic stimulation. Thomson (26) has
shown that blinded ferrets come into estrus
at the normal time and suggests that photoperiodicity is not involved in the normal
timing of the estrous cycle. Nevertheless,
Hammond (17) has summarized considerable
evidence that, at least in the ferret, the receptors are retinal since sectioning of the
optic nerve eliminates the photoperiodic effect.
If the eye is the receptor in mammals, then
the nerve pathways must involve the optic
nerve and other fiber tracts impinging upon
hypothalamic nuclei which regulate pituitary
gonadotrophin secretion by way of releasing
factors. The neural pathways by which extora
light gain access to the hypothalamopituitary
axis are largely unknown. Donovan and Harris
(!. .!.l have shown that pituitary stalk section
97

In the second trial ten 8-year-old Corrieda]
cross-bred ewes were divided and treated
follows:
In three animals destructive lesions we~
pl~ced in the regio~ of t~e posterior opt~
chlasm ~nd suprac~lasmatlc are.a accordi~
to techmques prevlOusly deSCrIbed (Cle&i
et al., 8). Two animals served as operatiVi
controls~ In these ewes, lesions were plac.
in areas other than described above b~
care was taken to avoid the anterior medi&l
eminence, an area in which previous studie-I
had shown to cause an effect on reproductiv~
activity (Clegg and Ganong, 1). The remaini~
five ewes served as intact controls. Al
operative procedures were carried out be,
tween June 10 and June 15.
.
As in the previous trial all animals wer,
placed together in the same pen and expos~
to the same nutritional and environment":
conditions.
Beginning on the first of June, daily checkillj
for estrous activity based on receptivity b
vasectomized rams was initiated and continue\
until the end of the trial, 22 months later. A
the end of the trial, the animals were sacri·
ficed. The hypothalami of the operated animall
we re removed, fixed, se rial sectioned, an~
stained. From studies of this material, i
was possible to reconstruct the area of th,
lesion.

blocks the response to artificial illumination
in the ferret and hypothalamic lesions accelerate the onset of light-induced estrus in this
animal (Donovan and Vander Werff ten Bosch,
12). Clark and associates (6) studied the
effect of lesions of the visual system on the
response to artificial illumination in ferrets.
They found that although optic nerve section
blocked the response, removal of the entire
visual area of the occipital cortex, destruction
of the superior colli culi , or the ablation of all
the lateral geniculate body except its ventral
nucleus did not interfere with the normal
response to illumination. From this experiment they concluded that impulses originating
in the retina were transmitted to the hypothalamus by way of the ventral nuclei of the
lateral geniculate body and accessory optic
tracts. In a subsequent study, however, no
evidence of such connections were found (Jefferson, 19). More recently, Critchlow and
de Groot(10) showed that, in rats, made constant estrus by constant lighting, optic enucleation or lesions in the suprachiasmatic
region abolished this effect; whereas lesions
of the optic tracts were ineffective. From
these results they concluded that the classical
and accessory pathways posterior tothe chiasm
were not involved in the transmission of light
sensory modalities, but postulated the presence
of retino-hypothalamic connections which pass
through the chiasm and preoptic region to
structures controlling gonadotrophin secretion.
It should be emphasized that most experiments of the types just described have involved only two species, the rat and the
ferret. As far as this author knows, comparable experiments have not been performed
in sheep.

Effects of blinding
Figure 3 illustrates the influence of opti,
nerve section on reproductive activity. Th,
lack of effect of blinding upon seasonal estroul
activity is the remarkable finding. It is tru,
that more irregular cycles occurred in th,
blind sheep than in the controls, but 'sinc.
these blind animals were in a large pen som,
difficulty may have been encountered on th,
part of the rams in seeking out these ewes
Some evidence exists that the estrous eWI
actively approaches the ram (Lindsay anc
Robinson, 20). The fact that estrous activit)
was observed in April, normally a time whel
no cycles are observed, could suggest som,
effect of blinding, but the significance of thil
observation must await further studies. Tc
account for the lack of a dramatic effect 0:
optic nerve section, two interpretations art
offered.
(1) The stimulus requir ed to induce estroul
activity must depend upon a change in th.
light, dark duration. H the receptor for lighl
is destroyed, the animal reverts toaninherenl
biological rhythm which, in the case 6f thE
sheep, coincides with the seasonal variationE
in rep:i:-oductive activity.
(2) Light receptors other than the eye exist,
possibly in the brain, which respond to seasonal changes in the duration of daylight.
Let us examine these two possibilities i:r:
the light of current experimental data.

Effect of blinding and chiasmatic lesions
Recently, in collaboration with Dr. W. F.
Ganong, a series of experiments were designed
to determine whether sectioning of the optic
nerve or destruction of the posterior portion
of the optic chiasm together with the suprachiasmatic region would affect sexual periodicity in this species.
For the first trial nine Suffolk-Hampshire
crossbred, 2-year-old ewes were selected
from the University breeding herd. Daily
observations for estrous activity were begun
on the first of June by determining receptivity
to either vasectomized or aproned rams and
continued until the end of the experiment in
March, 22 months later.
On June 15 the optic nerves were severed
by surgical procedures in four ewes randomly
selected from the nine. The remaining five
served as intact controls. Ewes of both groups
were placed together in a large pen, fed the
same ration of chopped alfalfa hay, and exposed to the same environmental influences.
98

Whereas light appears to be stimulatory
to processes regulating gonadal function, the
effects of exposure to constant darklor blinding are less dramatic. Thomson (2S)\observed
estrus in blind ferrets during the no~mal time
of year and Browman (4, 5) saw nlo effects
in rats. These results together withlthe findings in sheep clearly indicate that a photoperiGdic mechanism is not essential for the
'development of estrus. Rather, light appears
to contribute to the regulation of a seasonal
pattern as sociated with some inherent biological rhythm. Critchlow W prefers an
alternate view. He suggests that rhythmic
changes in other environmental factors, such
as temperature and humidity, take over
a stimulatory function in the abs!,!nce of
light.
The existence of light receptors in the
brain has been suggested by the experiments
of Benoit and Assenmacher (2). After removal
of the eyes, in male ducks, -light focused on
the pituitary, hypothalamus, or rhinencephalon
was effective in evoking gonadal stimulation.
In case of the larger mammals, particularly
the sheep, it is difficult to visualize that
sufficient light could be capable of being transmitted through the wool and thick skull to the
deep areas of the brain. Recently, Ganong et al.
(15) reported on the results of an experiment
bearing on this problem. They found, following the insertion of a photovoltaic cell into
the hypothalamus and temporal lobe of sheep,
dogs, rabbits, and rats, that, indeed, light
was able to penetrate the brain. They emphasize, however, that no physiological function
of light on brain receptors was implied. It is
an intriguing thought to consider that light
receptors
do
exist within the brain of
sheep.

Had blinding produced a similar effect one
might conclude that the optic nerve and retinohypothalamic tracts represented the important
neural pathway by which light stimuli influence
the photoperiodic response. Since this was
not the case, other explanations must be
sought.
The observation that cervical sympathectomy
delays the onset of photoperiodically induced
estrus in ferrets (Abrams ~ al., .!.l implies
an influence of the sympathetic nervous
system. In a very recent report by Wurtman
et al. (28), bilateral extirpation of either the
eyes or the superior cervical gauglion blocked
the stimulating effect of light which has been
shown to cause an increase in the incidence
of estrus in rats and to depress melatonin
synthesis. From these results, they suggested
that one pathway whereby light influences the
rat estrous cycles involves the retina, sympathetic nervous system, and the synthesis
of melatonin by the pineal. An involvement
of the sympathetic system in controlling the
photoperiodic response in sheep cannot be
discounted. It is known that the hypothalamus
plays an important role in thermoregulatory
functions and there is evidence, in the rat,
that anterior hypothalamic damage in the
preoptic region is as sociated with changes
in autonomic nervous activity (Gamble and
Patton, 14; Maire and Patton, 21). In those
sheep sustaining lesions in the suprachiasmatic area damage to sympathetic fibers
need not be unexpected and could explain
the decreased incidence of estrus observed
in this experiment.
Summary
Evidence provided by these experiments as
well as others clearly implicate the role of
light in modifying sexual periodicity in sheep.
The neural pathways by which light stimuli
influence the hypothalamo-hypophyseal axis
are not clearly understood. In sheep, sectioning of the optic nerve does not cause a dramatic
effect. The absence of an influence suggests
that rhythmic changes in light duration is the
stimulus and acts to precisely regulate the
frequency and phases of an inherent biological
pattern. That other light receptors, however,
may be present in the brain cannot be
ruled out. Finally, pathways other than the
optic nerve and visual tracts may also conduct environmental stimuli capable of influencing hypothalamic nuclei and ultimately gonadal
activity. Thus lesions in the optic chiasm
reduce the incidence of estrus and may involve
destruction of symp~thetic pathways.

Effects. of chiasmatic lesions
Figure 4 shows the effect of destruction of
the posterior optic chiasm and suprachiasmatic
area OIl sexual photoperiodicity. The data suggestthat this procedure does, indeed, influence
the normal seasonal response, but a prolonged
post-operative period is required before a
demonstratable effect can be observed. -The
principal influence of treatment is to bring
about periods of anestrus during that part of
the year when gonadal activity is normally
greatest. That this effect is confined to the
optic chiasma and suprachiasmatic area and
is specific is indicated by a lack of influence
of destructive lesions in other areas of the
hypothalamus, excluding the anterior median
eminence.
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FIGURE 4. The effect of chiasmatic lesions on the
percentage of estrus in crossbred Corriedale
sheep. Lesions in this area tend to reduce incidence
of estrus.
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DISCUSSION
you can administer an adequate dosage to the
test animal, very substantial depletion of
ovarian ascorbic acid is possible.
DR. NALBANDOV: I missed this work. Has
it been published?
DR. PARLOW: Yes. Endocrinology 75: 312,
1964.
DR. HANSEL: Does vasopressin give a similar depletion?
DR. PARLOW: In sufficiently high dosage,
Dr. Hansel, it will. But this is a very different
kind of phenomenon. The dosage of vasopressin
required to give such a response is so large
that during the process ofintravenous injection
we nearly kill the animal. This is a very
different kind of effect; an effect directly on
the ovary.
DR. NALBANDOV: How much depletion did
we get with synthetic vasotocin?
DR. GIBSON: It was rather small, I think.
We never did run very many animals. It was
something on the order of 10 percent, I think.
DR. BELLOWS: Would you careto speculate
on what you are picking up in the blood on the
hypophysectomized cock that you mentioned?
DR. NALBANDOV: Yes. Speculations only.
The peculiar thing is that as it stands now
there is nothing in the blood of the hypophysectomized cock during the first three
weeks after hypophysectomy. The blood is
completely negative in the Parlow assay.
After three weeks a substance appears
which gives maximal depletion. We get depletions of 50 to 60 percent, and this substance persists in the blood of these hypophysectomized cocks.
Now the cocks themselves do not respond
to whatever this substance is by any demonstrable testicular or comb growth. To all
intents and purposes they are hypophysectomized and a check of the sella turcica shows
that they are cleanly hypophysectomized. The
question then arises: What is it? This is what
we are in the process of trying to find out.
The reason we tried vasotocin was because
one of the suspicions was that it may be a
neuro-hypophysial factor that gives the depletion. However, even with large dosages
of vasotocin we did not get the maximal
depletion that we get with the substance in
the blood.
We are in the process of trying to see
whether it is a releasing factor or a peculiar
kind of LH, an LH precursor, or what. This
is the aim of our present efforts of clarifying
the situation.
DR. FAULKNER: Are you able to remove
the tuberalis in hypophysectomy in the cock?
DR. NALBANDOV: Little pieces oftuberalis
persist. They cannot be removed completely.
But my gues s is it is not the source of whatever
this substance is, for the simple reason that
these bits of tuberalis are present immediately

DR. NALBANDOV: Thank you, Dr. Clegg,
for a very illuminating talk.
DR. ZIMBELMAN: Has the type of animal
been studied in terms of the source of the
hypothalmic releasing factor? In other words,
if you are using sheep, is it important whether
they are wethers or ewes?
DR. NALBANDOV: As far as we know, the
reproductive condition of the donor has no
major effect on the RFs. The hypothalami
have been collected indiscriminately from
all slaughtered animals that happened to go
through and, so far, the efforts have been
directed simply towards the characterization
of the releasing factors, without regard to
the actual sex differences that may exist.
DR. MELAMPY: Is there a relationship
between the uterus and releasing factors?
I am thinking of hysterectomized, unmated
females or pregnant females.
DR. NALBANDOV: As you know, there is
no experimental evidence. My gues s is that
the relationship is very profound between
the uterus and the hypothalmic centers, on
the basis of Hansel's work and on the basis
of the work that you have done yourself and
the work we have done on the beading, the
transplantation of live embryos that is now
being conducted in Cambridge. All indications
are that there is a profound relationship
between the uterus and the pituitary gland.
The only way in which information from the
uterus can be transmitted to the pituitary
appears to be through the hypothalamus.
DR. HANSEL: Which of the current methods
for
measuring LHRF do you favor; the
Nikitovitch- Winer type where you instill the
fraction directly into the pituitary in an
attempt to induce ovulation; or the McCann
type where you attempt to measure LH in
the blood after giving the fraction?
DR. NALBANDOV: We have not done any
measurements of LHRF. We have backed
off from this as muc'h as possible, although
it may be that we are going to be forced into
this in order to characterize some of the
peculiarities that we are finding in our own
work with hypophysectomized males. My plan
is to use the McCann method which utilizes
the Parlow test for the assay of LH release.
I would like to ask Dr. Parlow what information he has on the effect of hypothalamic
releasing factors on the ascorbic acid depletion of the ovary of rats prepared according to his specifications for LH assay.
DR. PARLOW: In early work done by Dr.
McCann the impression was gained that actually
only a minimal amount of ovarian ascorbic
acid depletion could be attained with LHRF.
However, it is now clear--from more recent
work done by Schallyand Bowers--I have not
done any of this myself--that with a sufficiently
highly purified preparation of LHRF so that
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after the hypophysectomy and during the first
three weeks after hypophysectomy when this
blood factor is absent.
DR. FAULKNER: In the hypophysectomized
rat occasionally we see castration-like cells
develop in the tuberalis.
DR. COLE: I would like to raise a point in
the discussion of an inherent rhythm. The
question occurs to me now, belatedly, why
doesn't the ewe take up the inherent rhythm
of Australia rather than California? In other
words, why do they necessarily come in in
October, when we know that in the Southern
Hemisphere they come in in another ~eason
of the year? This raises the question in my
mind of the extent to which other environmental factors may possibly be influencing
this result. Perhaps your cervical sympathetic
studies might give a clue to this. And also
we know of the work of Professor Dutt showing
that temperature might also be involved.
I wonder if Dr. Clegg would want to comment on this?
DR. CLEGG: Your point is very well taken.
I don't think we can deny that light has an
influence, as well as other environmental
stimuli in normal patterns of cyclic-al behaviour or cyclical reproductive activity. But
I think it is important to realize that light
is acting only as a modifier.
We can only speculate on how this works.
Presumably light affects thresholds of activity
of some central nervous neurons. But this is
superimposed upon a normal rhythm which
exists without light.
I don't know whether that gets by your point
or not, but I don't think that one can deny
the importance of light or at least other
environmental stimuli.
DR. COLE: I am wondering if possibly
starting with pre-pubertal animals or before
sexual maturity, might be of importance here.
In other words, the inherent rhythm we speak
of may be related to the time you place
animals on a light regime.
DR. CLEGG: But you answered that question
by simply saying that in changing from one
hemisphere to the other they revert to the
seasons to which they are transplanted. Thus
this cannot be a sort of a conditioned response.
Certainly the influences of steroids on
pre-pubertal or post-pubertal heat does have
a striking influence upon subsequent hypothalamic regulation of reproductive activity.
And these are the classic studies of the testosterone injections or the castration of the
4-day-old rat, but I am not sure that light
would produce such an effect.
DR. NALBANDOV: Perhaps light works via
the releasing factors. Dr. Lloyd Anderson
has just returned from Jouy-en-Josas a short
time ago and I would like to ask him a question.
Du Mesnil du Buisson, at the time I was
there a year ago, was trying to see whether
ovaries with persistent follicles in the anosmic

pig can be made to ovulate with LH. Has he
done this experiment yet?
DR. ANDERSON: No, he hasn't.
DR. CASIDA: Do we have something of a
direct relationship between dosage of progestogen that has been administered in
attempting to synchronize estrus and the
interval of time from withdrawal until the
animal comes into estrus? I believe you have
made quite a point in your own work of the
long interval of a very minor follicular development after mammoth doses of MAP.
At what level do you speculate that this
is working? Why this correlation between
dose and latent interval?
DR. NALBANDOV: I really don't know. What
goes through my mind right now is this
pre-pubertal steroid castration effect which
is clearly not a dose effect, but manifests
itself long after steroid injection.
By the way, I also might mention, just to
clear up a few points, that more recent work
has shown that this pre- pubertal castration
effect is not an all or none effect that we
had been led to believe by earlier work.
Many of these rats do cycle, although the
cycles are irregular, so that this is not an
irreparable damage to the hypothalamus. What
I was leading up to, then, is that perhaps
the effect of steroids on the hypothalamic
centers is simply a question of the rate at
which the centers can recover from the
damage that is inflicted on them. Nobody
knows what "recovery" of the hypothalamus
means in physiological terms.
At one time we became interested in hypothalamic lesions in sheep and inflicted a
great many lesions in a great many sheep and
essentially agreed with the work of Clegg
and Ganong in that these hypothalamic areas
that are damaged do have a definite influence
upon the estrous cycle of sheep. The reason
we went into this was because we had, and
still have, a suspicion that in many instances
these lesions are damaging the stalk area,
therefore
interrupting
the
hypothalamohypophyseal connection. We were very careful
to keep away from the stalk area and put the
lesions in other regions of the median
eminence.
Now the interesting thing is that the immediate effect was that we would interrupt
the estrous cycles, either heats would be
absent or ovulations would be absent, or both
would be absent. However, in practically
all cases, if the sheep were kept for one
or two breeding seasons, they recovered
completely from these lesions and began to
cycle perfectly normally. The still more
puzzling thing was that the recovery was only
physiological, so to speak, because on sectioning the brains we found the anatomic damage
persisting even into the second and third
seasons. The burned-out areas were there.
Nevertheless the hypothalamus de vel 0 p e d
some mechanism by which they would bypass
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these lesioned, damaged areas, and revert
to perfectly normal function.
This, by the way, is apparently true of other
animals as well and is not restricted to sheep.
Somebody has kept guinea pigs for prolonged
periods of time after lesioning and found that
they recover completely.
DR. CASIDA: Am I to infer that you believe
that progestogen is working then at the hypothalamic level, that is resulting in some sort
of paralysis of function there from which it
recovers slowly, using paralysis in a very
broad and general sense?
DR. NALBANDOV: This would be my guess.
But I underscore the word guess.
DR. CLEGG: In the study I reported I
omitted some of the data in which we had
median eminence lesions purposely because
these we knew affected reproductive activities.
In our work with median eminence lesions
we find that one out of three sheep may recover.
In respect to Dr. Casida's remark, we have
just completed some work on the effects of
progesterone with respect to gonadotropin
release. These studies were done on wethers,
purposely selected because we could detect
gonadotrophic activity in the plasma of the
cavernous sinus. If we injected progesterone
over a period of 10 days, at the rate of 20 mg.
daily, we find that during the period of injection there is no apparent effect on the
gonadotrophic concentration in the blood.
Rather we find a release or at least a very
significant elevation of concentration which
occurs at a very uniform time period, about
the fifth or sixth day of treatment. And
similarly, after withdrawal of the treatment,
we again find this significant increase in
concentration five or six days later. What
the uniformity of this kind of response relationship to both progesterone treatment and
withdrawal means, we do not know. We would
like to gues s that perhaps this stimulus is
acting at hypothalamic level and that the
stimulus depends upon a change in concentration; whether it is ascending or descending
is unimportant.
DR. NALBANDOV: Thank you, Dr. Clegg.
Dr. Hansel, would you like to contribute to
this discussion that we have just heard? I
think you are in a position to do so.
DR. HANSEL: I don't know whether there
is really very much that I can add except
that you noted in the data that Dr. Donaldsen
presented yesterday on chronic oxytocin
treated cows, we see the same thing Dr. Clegg
has just mentioned. Initially a release, a
depletion of pituitary gonadotropin and, despite
continued oxytocin, there is a reaccumulation
in the pituitary four days later. The corpus
luteum is not affected. If anything, it is a
little bigger and has a little more progesterone
in it at this time. But by seven days the
gonadotropin content of the pituitary has gone
down again and the corpus luteurn is markedly

depleted of progesterone and its weight is
down. In other words, we are seeing this
same phenonenon it seems.
DR. CLEGG: I should like to make a plea
that we utilize our plasma technique. We
utilize the technique of collecting plasma
from the pituitary. I must confess that lam
not completely sold upon pituitary content.
DR. HANSEL: May I make a further plea?
We need your help. I think all of us need your
help. We have been able to collect cavernous
sinus plasma from the cow as you have from
the sheep. But to be perfectly honest, we have
not been able to do anything with it. We cannot make any of the LH assays that have
been published really work tc;> our satisfaction.
We have tried. We tried Zn b5 uptake. We are
all agreed that Dr. Parlow's assay is the
best available. But these other things that
have the sensitivity that are required simply
do not work in our hands. We tried the
cholesterol depletion of Loraine and Bell;
it did not work. We tried Zn65 uptake in the
testes of the hypophysectomized male rat
and we did not get results with this. We need
some help.
DR. NALBANDOV: In our hands the ascorbic
acid depletion test on chicken plasma works
extremely well. Now, Dr. Parlow, would you
like to make some comment?
DR. PARLOW: I have nothing to suggest,
except you might concentrate the plasma by
extraction and then hope to do tests for activity
by the OAAD method. There is no doubt about
the fact that although the OAAD method is
highly workable with proper attention to technical detail, it lacks the sensitivity required
to measure LH activity in normal blood, with
the same precise quantitation one can do
this for LH activity in the pituitary.
DR. CLEGG: I should like to highly recommend Dr. Parlow's assay for LH. We find
levels in ewe plasma of about .3 of a gamma
compared to NIH standard S7 and S2, I don't
know, but it is one of the two. And, again,
with respect to Dr. Parlow, we have examined
levels of both FSH and LH in the plasma of
ovariectomized castrate sheep comparing them
with intact sheep. Although we can find around
.3 to .4 of a gamma per milliliter or microgram
per mill, in the intact animals, LH activity
does not, as far as we can tell, increase
following castration. With the Steelman- Pohley
assay for FSH, we have never been able to
detect levels in intact animals either rams
or ewes. However, we can detect up to about
one-half microgram per mill in the ovariectomized or orchidectomized animal.
DR. MELAMPY: I would like to ask Dr.
Clegg, in the hypophysectomized female rat,
have you observed antrum formation with the
plasma extract?
DR. CLEGG: Yes. In our original assays
using cavernous sinus plasma, we were using
the Simpson-Evans test, which depends upon
antrum formation and interstitial cell repair
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adding known quantities of an LH standard
to plasma and trying to recover this by the
OAAD test which, I think, to some extent
safeguards against what I think you are pointing out. And I think if this procedure is used
and the health and well-being of the rats is
closely watched, it is not a question of health
because they are going to get killed anyway,
that the objection that you raised can be
circumvented.
The reason I am saying this, I think we
ought to explore this much further than we
have and I would not want your remark to go
down as an indication that we should not be
encouraged to continue with this work.
DR. PARLOW: Possibly not, with caution.
DR. KENNEY: Does Dr. Clegg consider the
wave-length of light that is used to be important?
DR. CLEGG: We
have
not specifically
studied wave-lengths of light.
The picture has been reviewed by Hammond
and, although wave-length does appear to be
important in some species, for example, the
bird, there is no data to indicate any specific
wave-length insofar as sheep are concerned
so long as one is within the visible spectrum.
DR. ZIMBELMAN: I would like to ask Dr.
Parlow whether there are any species exceptions to the increased FSH secretion after
gonadectomy.
DR. PARLOW: If by secretion, you mean
release of FSH into the blood, I am not yet
certain. There does seem to be species
differences with regard to the magnitude of
increase of FSH concentration of the pituitary
following gonadectomy. As I indicated in our
study with Melampy and Anderson (cited above),
the increase in pituitary FSH concentratioll
after ovariectomy is relatively small in the
gilt, whereas it is very large in the rat. With
regard to all the species we have examined
following gonadectomy, there has been all
increase in FSH plasma concentration, or
an increase in urinary output. (We have not
found FSH nor LH in the urine of the castrated rat).
DR. NALBANDOV: Anybody else? If not,
Dr. Lamond has indicated that he will be kine
enough to address a few words to the group.
Dr. Hansel will present him. Dr. Hansel.
DR. HANSEL: I don't know exactly why J
have been asked to introduce Dr. Lamond.
However, I believe many of you may nol
know much about him. He is a man whom I hac
never met until yesterday, as you remember
when we happened to cite some of his worlo
and found, by accident, that he was in thE
audience.
I have, and I think most of us, have hac
occasion to pay very close attention to Dr.
Lamond's work for a long while. He ha~
done excellent early work on assay methods,
some of the results of which are perhapi
applicable to some of the things we havE
just been talking about.

in the hypophysectomized female rat. We can
get both antrum formation and interstitial
cell repair.
DR. MELAMPY: You also got ventral prostate response, didn't you, with large quantities
of plasma?
DR. CLEGG: No. We have never been able
to get ventral prostate response.
DR. PARLOW: I think Dr. Clegg is suggesting, in the case of the c;astrated sheep, that
there is some dictum which states that there
must be higher serum LH activity than in
intact animals.
In this connection, I would like to point out
first that we have found in the serum of
castrated mice no LH activity at all with the
OAAD method even though we readily find
LH activity in the serum of castrated rats
(Endocrinology 74:102, 1964). Also, no LH
activity was found in serum of ovariectomized
guinea pigs.
I should also like to point out that there
have been studies on urinary gonadotropins in
sheep after castration and apparently castration did increase excretion of urinary gonadotropins, but the level of excretion was very
low indeed.
It is quite possible that in the case of the
sheep after gonadectomy there is a differential
increase of FSH and not of LH release.
This is an area of profound species differences. For example, in the case of the rat
pituitary following gonadectomy, there is an
approximate tenfold increase of FSH con<;l@tltration and virtually equal increase in LH
cOhcentration. On the other hand, in the case
of the castrated gilt, according to a study on
which I collaborated with Dr. Melampy and
Dr. Anderson (Endocrinology 75 :385, 1964)
there was a relatively small increase in
pituitary FSH and LH concentration after
ovariectomy. I don't think one can test a
bioassay method against what one expects to
find on the basis of a particular physiologic
manipulation.
I might add, also, at this point, that I
personally take a dim view of the bioassay
of LH activity in serum by the OAAD method
when the source of serum is a heterologous
species. In our experience, whereas injection
of rat or rabbit or guinea pig serum intravenously into rats is a relatively benign procedure and has no detrimental effect on the
health of the assay animal, on the other hand
had injection of serum of the human and the
heifer and probably serum of other species
which I have not tried personally, does have
a severely deleterious effect on the health of
the assay animals. It may not be a permanent
effect, but it is clear on a transient basis
that the animal is not well. I believe that this
works. havoc with the ovarian ascorbic acid
depletion response.
DR. NALBANDOV: I think that is a very
good point, Dr. Parlow, although I think
precautions can be taken such as, for instance,
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More recently he has been interested in
ovarian-pituitary relationships, originally in
mice. And he has either been graduated or
been demoted then successively to sheep or
cattle, depending upon how you look at it.
And more recently he has been involved in
some very interesting estrous cycle synchronization work. He was trained mostly
in Australia. His veterinary work was in
Australia. He has also worked in New Zealand, and received his Ph. D. from working
with Dr. Emmons in Australia.
DR. LAMOND: Thank you, Dr. Hansel. The
reason I am giving this small discussion, I
guess, is that a number of facts that have
been brought to light in the last day or so
bear on work that we have been doing in
Australia. And it seemed to me that some of
the slides that I have with me of some of our
work that has already been published and
some that is not published would be of interest.
The main thing I will stress is the multitude
of factors that influence the synchronization
procedures.
May we have the first slide? This is some
early work that has been published. The main
point about this is to indicate the relationship
between dose of progesterone, 10 mg. per
day, 20 mg. every two days, 20 per day,
40 every two days. The interaction between
dose and frequency of progesterone and the
time of day of the last injection on the
interval from the final progesterone injection
to the onset of estrus. Now, the main points
about this, I guess, are that first of all there
seems to be a fairly close relationship between
an optimal progesterone treatment and fertility. There, with 10 mg. per day, four out
of seven ewes became pregnant. And, as you
go up the board, you find there are certain
groups that had no pregnancies at all. Other
factors there that show up are that with a
lower dose of progesterone the interval is
shorter than with higher doses. The important
factor, I guess, just for this discussion, is to
emphasize what we . consider to be one key
factor, and that is that the time of day of
the final injection of progestrone is important.
And you notice here that the variability in
this particular group, 20 mg. every two days,
when the injection is given in the afternoon is
much greater than in some ofthe other groups.
Also, we did laparotomies on these ewes
and we find that ovulation under these circumstances, even though there is a lot of variability in various treatments, appeared to occur
atthe right time, towards the end of estrus.
Next slide. We made use of this response
of the period from the final injection of
progesterone to onset of estrus, and used this
as a quantitative response. We examined the
periods of onset of estrus at different times
of the year, and this is really the effective
dose, the amount of progesterone at different
times of the year that would give a period of
approximately 80 hours; a constant period of

80 hours. This is calculated exactly the same
way as you would an ED in a normal bioassay.
The important point seems to be that in
February, which is the beginning of our breeding season, the ED is 40 mg. per day; April
and May, which is the middle of the breeding
season it is 80 mg.; but in July when our
sheep are still cycling quite heavily the
effective dose, the amount of progesterone
that gives an interval of about 80 hours is
only 7 mg. Here is a seasonal change in the
effect of progesterone in this response. The
same general pattern was observed when
injections were made every two days, but,
of course, you need a bit more progesterone.
Next slide please. Now this is an experiment which is a demonstration of the importance of or the influence of nutritive status
on ovarian function. This is going to become
our major work or one of our major fields of
study in the beef animal. Our problem, of
course, is to know what nutritive status is,
but we don't go into that one. The important
feature of this slide is that Group I, the
restricted group, were a group of ewes which
were held at about 15 to 20 percent below
their normal body weights for the period
of the experiment and some time before;
Group II, the maintained group, were fed ad
libitum; and Group III, the semi-restricted
group, were on normal ration prior to the
treatment with progesterone and then went
on to a restricted ration. Taking the Groups
I and III, the key factor seems to be that the
period from the final injection of progesterone
to the onset of estrus is influenced by nutritive
status. In the progesterone alone group you
see it is around about the 80 mark; the dose
of progesterone in general is 20 mg. per day.
Compare that with the dose response relationship in the maintained group. In other words,
there appears to be a change in the effect of
progesterone associated with this nutritional
status. And, when we give PMS at the time of
the last injection of progesterone, we find
that these relationships differ. In other words,
what seems to have happened is that in the
animal that is maintained below its normal
body weight in a restricted nutritive state, the
response of the effect of progesterone is
enhanced. And this is overcome by PMS.
The next experiment was brought about
because a good deal of work had been done
in Australia on the ram effect. This goes
back twenty or thirty years, to observations
that the rams do influence early season
activity and also the activity at the end of
the breeding season. Well, in my innocence
when I was doing some of this work on
progesterone-PMS interrelationships, sometimes the teaser rams would go into the ewes
before the experiment, and in this particular
instance it just so happened that the final
injections of progesterone occurred on a
Saturday and so we decided to put the rams
in on the Friday afternoon because of the
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labor convenience, and so forth, and we got
this curious estrous story that developed.
The progesterone treatments were 10 or 20 mg.
given either daily or every two days. We gave
PMS two days before or at the same time as
the last progesterone injection, and we gave
different doses of PMS. Now, remember this,
that the last progesterone injection was due
on a Saturday, day 0, and that date was the
27th of May. On the Friday, the 26th of May,
we put the rams with the ewes. And you
will notice this situation, the relationship
between the numbers of ewes that showed
estrus and the progesterone treatments they
received up to that point. Ten mg. every
day, three ewes were served within 24 hours
of introduction of the rams. In other words,
a break through. The rams caused a brea~
through in the progesterone suppressive ac;tion.
None of these ewes has shown estrus during
the treatment. From ovulation studies it was
obvious that no ewes had ovulated during the
treatment up to this point. With 10 mg. every
two days, we got quite a large break through.
Because that amount of proge sterone is not
nearly as effective as a suppressive agent
as the daily injections. So here we get quite
a large break through. With 20 mg. every two
days we also got quite a marked break through,
but with 20 mg. per day there was no break
through. Now, that, I think, is an important
observation because it indicates that the ram
stimulus, a neural stimulus, can actually
break through the suppressive action of progesterone under certain circumstances. We
have looked at this in some detail innumerous
ways and it seems to be quite a clear-cut
characteristic. There is a clear-cut dose,
frequency of injection of progesterone relationship with this ram effect: the more progesterone, the greater suppressive action and
the more difficult it is to break through.
The next one, please. This was a fairly
large experiment, a seasonal experiment, in
which we had various groups of ewes in
yards for over 12 months of the year. Now
this group here, the top one, was a group of
50 ewes. Rams were with this group for the
entire time except that we had a battery of
about 12 vasectomized rams, and there would
be three with these ewes for a week and then
we would put another three in, and so forth.
Now that is the estrous story--the percentage
of ewes in the group that showed estrus in any
18-day period, in this case the periods that
ended on these particular dates. And, of course,
you get the normal sort of seasonal pattern.
Here we have anestrus, and here the breeding
season and beyond this anestrus again. The
important point here, an observation that has
been made in Australia now a number of
times, is that where you have rams running
with ewes all of the time there are some
ewes that do not show estrus every cycle, and
that is why this difference occurs between 80
percent and 100 percent. When we examined
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the ovulation story in the same ewes, and
we did laparotomies on half the ewes every
six weeks to determine the ovulation picture.
We found as we might expect that about 100
percent of these ewes were ovulating throughout the breeding season and that at both
ends of the breeding season there were silent
ovulations. This is a fairly clear-cut observation that has been made in Australia a few
times now. Silent ovulations are quite a
normal occurrence under these circumstances
before and at the end of the breeding season.
The next group is a group of 32 ewes which
were
receiving progesterone treatments.
These were getting progesterone for two weeks.
In this instance the rams were introduced the
day after the final injection of progesterone
and were left in for a week. For the remaining five or six weeks in the series, and in
between each series, the rams were kept not
less than six feet away from these ewes. In
other words, they were in the same area; the
ewes could see them; they could smell them
but they were not in direct contact. And yet
we still got this very marked ram effect. You
will notice that a fairly reasonable level of
ewes showed estrus during this week after
progesterone treatments. The thing to do is
to compare that line with the next line,
which represents the data from a group of
another 32 ewes which received identical
progesterone treatments but had the rams
with them all of the time. So the only difference between the two treatments or the
two groups of ewes is that in one instance
the rams were introduced the day after the
final injection of progesterone and were left
there a week, and in the other instance
vasectomized rams were with the group all
the time. Notice the major differences, and
these are highly significant, at the beginning
and at the end of the breeding season. Here
we have got clear-cut suppression of ovarian
activity at the end of the breeding season by
progesterone as well as a ram effect. In
actual fact, of course, this is a fairly quantitative thing. But the main point I want to
get over is that we have a clear-cut interaction between the ram, progesterone, and
time of year, on estrus.
This experiment is part of a series of
experiments in which we were doing more
detailed studies on progesterone- PMS interactions. This thin line with the crosses represents· a group of ewes that received 10 mg.
of progesterone per day. The heavy line
with the crosses represents ewes that received 14 mg. every two days. We picked
these two treatments because they happen to
be equivalent doses so far as the response
we are interested in is concerned, that is
the period from the final injection to onset
of estrus. They give the same estrous pattern.
So that is the 10 mg. per day and 14 mg. every
two days. The closed lines are where we
gave PMS on the day of the final injection and

the broken lines are where we gave PMS the
day after the final injection, so we have a
large factorial experiment involved here. The
point is that the numbers of ovulations are
clearly influenced by the frequency of injections
of progesterone. Where the progesterone was
given daily we have got few ovulations with
this high dose of PMS, but where the progesterone injections were given every two days,
we got a marked increase in the numbers of
ovulations. Now this has been confirmed a
couple of times at different times during the
breeding season using different doses of progesterone. In follicle numbers, there are no
major differences.
The duration of estrus,
however, was· related to the treatment with
PMS. We get the normal kind of estrous
pattern with the two lower levels of PMS when
the PMS is given at the time of the last
progesterone. But, when we give the PMS the
day after the last injection, we get this
marked increase associated with the dose
of PMS in the length of estrus. Look at this,
88 hours duration. And here is an obvious
source of trouble, of course, in synchronization work. What this amounts to is that the
optimal combinations of progesterone and
PMS are very, very fine indeed. And you
only have to be a little bit off one way or
the other and you are going to get abnormalities obviously in estrogen and progesterone
relationships.
The next slide, please. Well, this is some
of the cattle work that probably has been
published by now. We expressed the corpora
lutea in 48 Hereford heifers, gave 20 mg. of
progesterone of six days, then we gave two
dose levels of PMS, and then two or three
days after that we gave differing levels of
HCG. Now, all that indicates is that by the
use of progesterone, PMS and HCG, it is
possible again to find an optimal treatment.
Here we have five out of eight of these
heifers in one group went in calf to the
insemination. In the other groups you have
got none and one. That is all that indicates.
I am fairly convinced that the same general
principle holds in the cow as in the ewe, that
with the use of these various hormones you
can get fairly sensible pictures, once you
know what combinations of levels to use. The
rest of all this work was done in an attempt
to find a technique that could be used in the
field. Well, of course, this kind of treatment,
where you are giving PMS and HCG under
fairly controlled conditions, is not satisfactory in the field, and these other experiments indicate the kind of field experiments
we did. It doesn't matter a great deal about
the treatments. We gave pTogesterone, sometimes alone and sometimes with PMS, sometimes with HCG. This is just a small sample
of many hundreds of cattle and sheep. You see
this sort of a picture, in some groups we got
9 out of 20 in calf to the synchronized estrus,
13 out of 24 here, then we go down to 0 out of

9, and so forth. The point being that in at
the work I did in cattle I could not find an)
sensible pattern once we got away from thil
kind of a treatment. While we were usinl
progesterone, PMS, HCG, we got fairly sen.
sible stories. Once we got onto progesteronl
alone, and progesterone plus PMS, or pro·
gesterone plus HCG, we just did not seem t(
be able to get a sensible
story out of it
And I think this is probably due to the fact tha'
there are so many factors that can influenC4
the response to these hormones.
The next slide please. Now, this is a]
experiment, just to bring us up to date 0]
what we are now doing. And this is anothel
factor, I think, of vital importance in OUl
work. We did this with just a few heifers in c
preliminary experiment, five on the low plane
and six on the high plane of nutrition. The1
were 12 to 14 months old when we started treat.
ing them last October. The rations were stand.
ard rations. Now the low plane ones were th4
ones whose body weights were roughly constant
Both groups were treated with progesteron4
in oil every second day for four injectionl
followed by six daily injections of thirty mgs
plus 1500 I. U. or 2000 I. U. of PMS. This iI
just one of the many standard kind of pro·
gesterone-PMS treatments you can give. :u
the first run we found that the low plan4
heifers had no large follicles and three ovula·
tions out of five heifers. The higher plane onel
had nine large follicles and seven ovulation!
out of six heifers. A standard sort of c
busines.s. Heifers same age, different plan
of nutrition, more or better ovarian function
We repeated this a month or two later and w.
find that· the animals are getting a little bi
older, although the low plane heifers ar.
not getting any bigger, but there is thi!
seasonal story coming in, as usual. Th.
response of the heifers has improved a littl.
bit. One large follicle and five ovulations i]
the low plane group, and five large follicle!
and fifteen ovulations in the high plane grou]
with this treatment. Now the next time W4
did this we just simply gave the same genera
progesterone- PMS treatments, but we tool
them off feed for a period of about 96 hourl
prior to the final injection. That is, prior t(
the last day when we gave their final injectio]
of progesterone and their PMS--a 96-hoUl
fast at this critical time. Now that, in fact
isn't such a long time because both groupl
only lost about 30 pounds each in weight
But look what it did to the ovulations in thil
high plane group. Here we have got thl
adapted animals, the animals adapted to c
low plane of nutrition, and they didn't seerr
to be bothered by this starvation period. Thl
rapidly growing animals on a high plane 0:
nutrition were very seve rely affected by thil
sort of a thing. Weare obviously getting intc
this in more detail. What this indicates il
that even a fast of a few days can influencl
the kinds of responses we are interested in.
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sectotny has clearly influenced the kind of
results we got. I atn satisfied this diurnal
factor or factors can influence a lot of other
experitnents that are acute experitnents studying the diurnal aspects of pituitary-ovarian
functions.
The final slide, indicates the results of an
experitnent along these general lines. This
is the standard McClure experitnent. He found
that when you starve mice for 48 hours
starting about day 2 or 3 after the plug was
observed that there was quite a large drop
in the percentage of tnice that were pregnant.
Here we have the proportion of tnice that
are nortnally pregnant without starvation.
Here is the starvation effect. Whether you
start this 48-hour starvation at 6 a. tn. in
the tnorning on day 3 or 6 p. tn. on day 3,
that is what happens. So we went back a bit
and found that a 36-hour starvation was a
fairly critical one. We started it at 6 p. tn.
on day 2 and 6 p. tn. on day 3, 6 a. tn. on
day 3 and 6 a. tn. on day 4. The point is this,
that there is clearly an effect, diurnal component, if you like, in the nutnber of tnice
that lost their etnbryos in this particular
study. We find that if you start the 36-hour
fast in the a. tn. on either of these two days
the losses of etnbryos are insignificant. If
you start the 36-hour fast in the afternoon
on either of these two days, the losses in
etnbryos are significant. All I want to suggest
is that we need to be very, very careful in
what seetns to be very sitnple experitnents
that, if there is any possibility of an endogenous
diurnal rhythtn influencing the experitnental
result, it tnakes interpretation so much tnore
difficult. We tnust be aware of this all the
titne in this sort of work. I think these are
the tnain points I had to offer.
DR. SIERK: We will entertain questions.
DR. CLEGG: I would like to direct a question to Dr. Latnond. I think your results on
diurnal variation following hypophysectotny
are not only startling but a bit uncotnfortable
as far as I atn concerned. And I would like to
ask Dr. Parlow if he is still here, have you
tnade any sitnilar studies on diurnal variation
on OAAD?
DR. PARLOW: No, I haven't. You are probably fatniliar with the paper which appeared
in Endocrinology (74:493, 1964) which suggested that there are diurnal variations in the
base line level of ovarian ascorbic acid in
the pseudo-pregnant rat ovary. The paper suggested that this tnay be itnportant for the
assay tnethod. However, we don't agree. The
titning of the assay is such that you tnust start
it at about 9 or 10 o'clock every morning or
on the tnorning you are running the assay i:r:
order to complete it by the end of the day,
so there is really no probletn.
DR. CLEGG: Well, I was thinking, let UE
say you were running standards in the tnorning and unknowns in the afternoon.

The next slide please. Well, now the final
two slides are to itnpress us if they can,
with the diurnal aspects of pituitary-ovarian
function. We have been pretty tnuchitnpressed
by these and we have not tnadetnuchprogress,
of course, in the sheep and the cow, but we
have tnade sotne progress in the tnouse. This
is a table that really describes an FSH assay
that we use and have used for a year or two.
What I want to itnpress here frotn these data
is the diurnal picture.
Now this is a situation where we used
weaned tnice at 18-20 days of age and we
hypophysectotnize on the next day. We can do
fairly large nutnbers with a rapid technique
and we can inject chorionic gonadotrophin,
HCG, at varying periods after these hypophysectotnies and we find curious diurnal
responses. But what we have done, to tnake
a long story short, we have just sitnply used
the old standard HCG- FSH augtnentation as say
to study diurnal differences. We would sitnply
give 4 I. U. of HCG five hours approxitnately
after hypophysectotny and we cotnpare the
tnorning hypophysectotny response with an
afternoon hypophysectotny response. All of
these are contetnporaneous cOtnparisons, the
a. tn. and p. tn. ones, fairly large nutnbers,
you can see that the fiducial litnits are
pretty stnall. Now, this is a very precise
assay. It is sitnilar to the one that Igarashi and
McCann have just published. We use the
hypophysectotnized anitnal whereas they use
the nortnal anitnal. And I think we probably
elitninate a lot of the variability that way.
But the itnportant thing is this, on this basis,
PMS contains no FSHbecause those dose levels,
1 I. U. PMS which is the ED in this assay, we
get the satne result tnorning and afternoon, and
that is the atnount that will work on its own
without HCG. So there is clearly no augtnentation of HCG by PMS in this assay. This is
the N. I. H. standard hutnan-pituitary gonadotrophin; 4.3 tnicrogratns is the ED in the
tnorning, down to 2 tnicrogratns in the afternoon
and these differences are significant. The
Artnour pig FSH, this is a two or three year
old standard; 4.5 tnicrogratns in the tnorning,
2.4 tnicrogratns in the afternoon, again, a
decrease in the ED. The N. I. H. sheep FSH;
5 tnicrogratns in the tnorning, 1.98 in the
afternoon. It is the satne general picture,
a two-fold change in ED. Then we look at
Artnour LH, the horse LH. This stuff contains quite a lot of FSH on this assay but
notice that in the afternoon it goes the other
way; 12.9 tnicrogratns in the tnorning, 43
in the afternoon. And we take this fraction
down here, one of Ken Ferguson's fractions,
an ox pituitary fraction, which is not a very
potent one, shows an ED of 12 tnilligratns
in the. tnorning and 46 tnicrogratns in the
afternoon. Now this obviously contains quite
a lot of other odds and ends, but what I want
to etnphasize is that the titne of hypophy-
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were mated to one ram, the ewes being
synchronized. The fertility in the control
group was only 45 percent. This was due,
however, to the fact there was one very
lowly fertile ram in this group. I would like
to mention, too, there were two rams which
were used in the synchronized ewes which
we call "no work" rams which we have redefined as sexually inhibited rams. These
rams at semen testing time show no interest
in either estrual or non-estrual ewes. We
find that after introducing them into breeding
some of them eventually will breed. Breeding
is delayed as long as one week to ten days
in some of these rams, whereas the majority
will begin breeding within a 24- to 48-hour
period. We had two of these rams in this
group. One of these rams failed to mate for
the first 48 hours and then began breeding.
Also the fertility in one of these rams was
down. So I think this 66 percent is a rather
conservative figure. So I think perhaps some
of us underestimate the ability of rams to
breed a large number of ewes successfully.
Thank you.
DR. HANSEL: May I ask one question of
Dr. Hulet?
Was that a pre-selected ram?
DR. HULET: No. None of these rams were
pre- selected, except that they were selected
by Dr. Ereanbrack in the breeding program.
The selection was based on their breeding
index, their genetic value, rather than on any
mating behaviour characteristics.
DR. TERRILL: Do you think the results
would have been different if you had not cut
the ewes in- - if you had just left the rams with
all the ewes all of the time?
DR. HULET: Probably not a great deal of
difference, although I think this does give a
little advantage to the ram. In our papers
which we published on mating behaviour there
is a very strong tendency for the rams to
favor those ewes which were just coming into
estrus compared to those which had been
in estrus for some time. So there tends to be
a natural selection of new ewes so a ram
tends to distribute himself rather than confine
his attention to a particular ewe.
DR. SIERK: Dr. Rankin of Squibb.
DR. RANKIN: I have debated whether I
should mention what I am about to discuss.
I talked to Jim Wiltbank and he thought I
ought to bring it out.
There is a growing body of literature most
of you people are not familiar with which is
called the Federal Register. In JU"'.e of this
year proposed regulations were written on
the disposal of animals on which experimental
drugs had been used.
It is always a surprise to me the number of
people who are in academic work and completely unaware of the trends that are taking
place in the control of these animals. We have
been blessed by the ability to use large numbers of animals and to salvage them for food.

DR. PARLOW: If you use a randomized
block design? In any case we inject all the
animals over a period of 2 hours.
DR. CLEGG: All right.
DR. SIERK: Are there other questions for
Dr. Lamond?
Well, let me say, first, that we are very
happy, Dr. Lamond, for your contribution
here and also for the other contributions
that have come from the floor. I think these
have added considerably to our conference.
Are there others here who have, shall we
say, a short statement they would like to
make reporting some of their work? We would
be very happy to have them. Dr. Hulet.
DR. HULET: I have heard in the aisles and
corridors some comment on the numbers of
individual ewes which could be mated to a
given ram at a particular synchronized estrus.
I have heard estimates of ten to twelve ewes.
We have had some interest in this, too, in
some of our mating behaviour work at Dubois.
This past year we wanted to determine a little
more of the range of the possibility in the
potential mating capacity of our rams in this
synchronized situation. We had six rather large
breeding groups of ewes. They varied from
about 59-62 head of ewes per group. These
were in three breeds, the Targhee, Columbia,
and Rambouillet. Three groups within each
breed. We selected at random one of these
breeding groups which we called the control
in which there was no synchronization. We
had two other groups in which we synchronized
estrus. We placed these ewes with vasectomized rams and when they started coming in
heat we sorted them in a cutting chute at
8-hour intervals. Those ewes which were in
heat and which were marked by a ewe marking
harness, were placed with the fertile rams.
They were then left with these rams for a
period of eight hours. Those which were
marked by the fertile rams were then taken
out of breeding. Those which were not were
left with this particular ram for another eight
hours and then were removed. At 8-hour
intervals all of those ewes which had come
in heat were placed with the fertile rams and
then the majority of them were jemoved after
a period of eight hours.
I have here a histogram which shows the
distribution of lambing from matings under
this situation compared to the controls. This
is the distribution of lambings from these
matings. These here at the top are those from
the control ewes which were not synchronized.
Those on the bottom show the matings at the
first synchronized estrus, the second and the
third. There is variation introduced here by
difference in length of gestation due to breed
which probably increases the variation beyond
what might have occurred had there been only
one breed involved.
To summarize, the percentage of ewes which
lambed to the first synchronized estrus was 66
percent when approximately 60 head of ewes
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I have carried this work on more recently
with Prover a , which is MAP. This was inj ectable, single dose. The recovery ranged
anywhere from six to thirty months from a
single injection, as much as thirty months
before there was any recovery. Now, the
recovery from this has been very irregular.
A few of the bitches have conceived and
produced litters. But in most of the cases
the progestational effect on the uterus lasted
longer than the repressive effect on the
pituitary. They come in heat. They may even
ovulate. But the uterus is in no condition
to maintain the pregnancy. Thank you.
DR. HANSEL: What breed of dogs are these?
DR. GIER: They were primarily Terriers
and Cocker Spaniels. There were two Beagles
in the total group. I don't remember which
group the Beagles were oni one on each
level, I believe.
ANONYMOUS: Did you see any cystic glandular hyperplasia in those uteri?
DR. GIER: Oh, yes, lots of it. Great big
ones. Anywhere from individual uterine gland
cysts to extreme expansion of the uterus.
There were seven cases out of fifteen in
which there were very definite palpable pseudopregnancy conditions, swelling, enlargements
on the uterus, just like pregnancies of anywhere from 20 to 40 days. This was all due
to an actual secretion of the uterine glands
in both cases. We had two cases in which
bacterial contamination was recovered from
many of these swellings. But this stuff stimulates the uterine glands exceedingly. I did not
get a similar type of stimulation from the
Prodox. The lower levels of MAP do not
give the progestational effect on the uterus
that the higher levels do. I had some that
went as low as 50 mg. per dog and it kept
the bitch out of heat for at least eight months.
The uterine effects were nowhere near the
uterine effects of the higher doses.
My original doses were 125 to 200 mg.,
which I think is excesssive for the bitch.
I think 50 mg. is a much more reasonable
dose.
DR. SIERK: We will entertain an additional
question or comment that anyone has.
DR. DZIUK: The topics so far have been
devoted primarily to the domestic animal and
the laboratory animals.
I would like to interject an idea here that
is not new but has not been mentioned. That
is the possibility of using these compounds
in pest control. I am thinking here, for
example, of starlings and even such things
as deer, raccoon, opossum, skunk, and so
forth. I think there is a possibility, particularly
in bird populations, that some of these compounds could be useful in controlling populations much more effectively than poisoning, shooting, and that sort of thing.
DR. SIERK: Dr. Cole has agreed to some
discussion if we desire on this part. Anyone
have a comment that he wishes to make?

This salvagability is going to come to a
screaming halt in sixty days from the 19th.
You have the opportunity to write objections
or comments regarding these regulations.
I would not want to attempt to read them
except to state that they are in the June 19th
Federal Register. If anyone would like a
copy, let me know and I will undertake to
supply you with one. Bqt it greatly restricts
the distribution of experimental drugs and
the use of animals on which experimental
drugs have been used, that is on the salvage
of these animals on which experimental drugs
have been used. I would like to take this
opportunity to call this to your attention.
Thank you.
DR. GIER: Dr. Gier, Kansas State University.
I have some information I think would fit
in with a lot of the things that have been going
on here. I have been working to a considerable
extent with dogs for the last several Years
They have considerable advantages for stUdy~
ing estrous cycles, primarily because they
do not have so many of them. One is not
crowded up on top of the other, so we have a
good opportunity to tell what factors are
actually being involved.
Three years ago I started on some work
with anti- estruals in bitches. I started with
the Upjohn product, Prodox, a substituted
progesterone, given orally in daily feedings
These were given in individual feedings s~
we knew exactly how much each animal was
getting. On the low level, 2.5 mg. per kilogram
of body weight was fed for a yearl s time so
that we covered at least one and Usually
two estrual cycles. These animals recovered
from the effect of the Prodox on an average
of 80 days. That is,theyovulatedonan aVerage
of 80 days after the end of a full year l s treatment. Of five animals on this particular test
all ovulated, four of them had palpable fetuses'
at 20-25 days. One of them carried through to
parturition and produced one pup. On the
seven animals that were on a higher level
3.5 to 5 mg. per kilogram body weight th;
minimal recovery was 85 days and the ~axi
mum was about 250 days, as I remember'
it was several months. Of this group all but
one produced litters. She ovulated but there
was no evidence of conception. The average
litter was 6.2. This is about average for my
laboratory. That is, there was full recovery
after this heavier dose of Prodox.
I interpret these results, along with some
histological work on the uterus and Ovary
to mean that the pituitary recovered fro~
the effects o~ this material more rapidly than
the uterus dld. The uterus was still under
some of the effects of this material even
after three months lapse of time, but the
pituitary was ready to go. But on the heavy
doses, the uterus was completely reCovered
before the pituitary was recovered and functioning.
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Two animals at levels lower than .8 mg.
came into estrus while on treatment. Also you
can see that 22 of the 26 gilts showed estrus
on either the 5th, 6th, or 7th day after
cessation of treatment.
Ovulation at the estrus following treatment
was normal. In this respect it was a pleasure
to work with this compound in that we did not
encounter the incidence of cysts that we have
experienced when swine are treated with the
orally active progestins.
The conception rate of this group of 26
gilts was 73%. This is based on cleaved ova
recovered at 3 days or embryo recovered
at more advanced stages of gestation.
Although this study includes only a few
animals, the data show that this compound
is effective in controlling the estrous cycle
of swine. On the basis of this preliminary
study it is tempting to suggest that this
compound may offer us a much needed and
useful research tool and perhaps may provide
the impetus necessary to develop a sound
program of artificial insemination in swine.
DR. GIER: Who handles this material?
DR. GERRITS: Ayerst Laboratories in New
York.
DR. HANSEL: May I ask just one question?
I am not certain lam thinkingofthe right compound, but isn1t this the one that prevents
implantation as well?
DR. GERRITS: Harper l s work with rats
does suggest an effect on embryo survival.
I believe Dr. Harrington who is in the back of
the room has worked with rats on this problem. Dr. Harrington, would you care to make
a comment on that?
DR. HARRINGTON: It has not prevented
implantation but has brought about mortality
subsequent to implantation. I believe Harper
also points this out.
DR. HANSEL: And you have looked so far
only at fertilization rate, not embryo survival.
DR. GERRITS: No. We have recovered embryos at 16 and 25 days post breeding and
our conception rate and et:nbryo survival
appear to be normal. Of course, as you realize
we have only had a few animals on this and
thus cannot draw any real conclusions regarding embryo survival at this time.
It does seem that length of time on treatment as well as total dose of the compound
may influence intake. At present we have some
other trials under. way which we hope will
answer some of the many questions that
remain regarding the effective use of this
compound.
DR. SIERK: Thank you, Dr. Gerrits.
We will proceed now with the summary of
the conference. Dr. Cole, of California.
DR. COLE: Thank you, Dr. Sierk, and gentlemen.

I think you summarized it very well, Dr.
Cole.
Well, gentlemen, this concludes this conference on Estrous Cycle Control in Domestic
Animals. I am sure that it does not conclude
the efforts in this direction. At least I hope
that it does not.
I wish to publicly thank the people who have
participated in the formal presentations, the
section
chairmen, and their colleagues.
Obviously, without their contributions, such
a conference as this could not be held.
We sincerely appreciate the attendance on
the part of you people who have made some
effort to be here. We are very happy, of
course, to see the interest and the attendance
on the part of industry representatives. We
think this is most healthy.
I have one other recognition I would like to
make, and this is the very fine facilities that
have been provided here at the University of
Nebraska. I want to, again, publicly give
recognition to Dr. Zimmerman for his efforts
in all that he has done to make this what, on
the face of it, appears to have been a successful conference.
AFTERNOON SESSION

1 p. m.

DR. SIERK: Several have asked Dr. Gerrits
for more information on the material he gave
yesterday, so we are going to take a few
minutes here at the outset for Dr. Gerrits to
present a little supplementary information.
DR. GERRITS: As Dr. Sierk mentioned a
number of workers have asked questions
regarding the work that we have been doing
with a non- steroid in controlling the estrous
. cycle of swine. I will present a little more
specific information on the study with the
non- steroid that I made brief reference to
yesterday in Dr. Hansel's section.
At the outset I should say that Paget et al
in December of 1961 reported the effect of
this compound on ovarian function in the rat.
Since that time four or five other papers
have appeared in the literature and reported
the effect of the compound on "reproduction
in women, horses, and mice.
Projected here is the chemical structure of
the compound that we fed to the gilts. Namely,
it is l-a-methylallylthiocarbamoyl-2-methylthiocarbamoyl hydrazine. The compound is
produced and patented by an English drug
firm and is known as I.C.I. 33,828. It is
handled by Ayerst Laboratories of New York
here in the States.
The gilts were fed on an individual basis.
The level of the compound that they received
daily, as indicated in this chart, ranged from
.48 to 1.47 mg. per kilogram of body weight.
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